A B S T R A C T Adrenal glands from early, mid, and late fetuses of rabbit, guinea pig, and rat, and from newborn animals of each species, were incubated for 1-4 h with and without 0.1 nM-1 ,uM ACTH, a-or ,B-melanocyte-stimulating hormone (aMSH or ,3MSH).
INTRODUCTION
In the adult mammal, ACTH is the specific tropic hormone for the adrenal cortex. a-and f8-melanocytestimulating hormone (MSH),1 which are structurally related to ACTH, have only 0.0001% the steroidogenic potency of the latter peptide on the adrenal gland of the adult rat (1, 2) .
Challis and Torosis (3) reported that in utero injection of aMSH, but not ACTH, in rabbit fetuses Received for publication 31 August 1979 and in revised form 3 December 1979. 1 Abbreviations used in this paper: FSH, follice-stimulating hormone; GH, growth hormone; KRBG, Krebs-Ringer bicarbonate buffer plus 200 mg/100 ml glucose; LH, luteinizing hormone; MED, minimal effective dose; RMax, maximal response.
caused a rise in plasma cortisol. As gestation proceeded, plasma cortisol responsiveness to ACTH appeared. Challis and Torosis suggested that aMSH might be the principal hormonal stimulus for adrenal glucocorticoid production in early fetal life. The suggestion is supported by the anatomic prominence of the intermediate lobe in the fetal hypophysis (4) .
In the present study, we have investigated the postulated corticotropic function of the MSH in the fetus by measuring the in vitro glucocorticoid steroidogenic potency of ACTH, aMSH, and J3MSH on the adrenal gland of fetal rat, rabbit, and guinea pig. In addition, we considered the possibility that the MSH could stimulate other processes besides glucocorticoid production in the fetal glands. In the adult adrenal cortex, ACTH stimulates not only steroidogenesis, but also the synthesis of DNA, RNA, and protein,2 the breakdown of glycogen, and the oxidation of glucose (9) (10) (11) (12) . Accordingly, we measured the effect of ACTH, aMSH, and 3MSH on the incorporation by fetal adrenals of thymidine and leucine into DNA and protein, respectively. For comparative purposes, other tissues were similarly studied.
METHODS

Hormones
Synthetic preparations ofACTH,_24, aMSH and ,MMSH were obtained from Bachem Fine Chemicals, Torrance, Calif.; they appeared homogeneous by high-pressure liquid chromatography (13) . Trypsinized preparations of each peptide, containing <0.1% residual activity by corticotropic or melanotropic assay, were prepared as described previously (14) . Synthetic oxytocin and arginine vasopressin were purchased from Sigma Chemical Co., St. Louis, Mo Farese (5) . Tissue samples vere suspended in 1 ml KRBG for 1 h under 95% 02 and 5% CO2 at 37°C. Medium was removed and 1 ml fresh medium was added containing 0.00025 ,umol L-4, [5-3H] leucine (5 Ci/Iumol sp act) plus zero or 0.1 nM-to 1 ,u M concentration ofpeptide hormone. Samples were incubated for 2 h at 37°C under 95% 02 an1d 5% Co2, cooled on dry ice, washed three times in 0.9% NaCl solution, homogenized in 10% trichloroacetic acid (TCA), and(l centrifuged at 4,000 g for 20 min at 4°C. The TCA-insoluble residues were washed twice with 4% TCA, twice with ethanol, and once with diethylether, then resuspended in 1 ml of 1 NI NaOH and counted in 15 ml of dioxane scinitillationi fluid (19) .
RESULTS
Rabbit
Glucocorticoid prodt ctiont (Table II) . The fetal glands showed the same characteristics under these assay conditions as originally described for the aduilt gland (15) . Preincubation for 1 h before addlition of' ACTH reduced the basal level of corticosteronie production to one-third to one-fifth of base line andl increased the corticoid response to 0.1 /.L1 ACTH by a The genieral relationship betwreen dutiration of gestation, fetal length, and fetal weight is shown. In the text, fetuses are classified 'earl!, "mid,' or "late" on the basis of body weight. (Table III) . With Claycomb's assay (18) , basal level ofincorporation by the early fetal gland was 19 x 104 dpm/100 mg adrenal per 2 h. Addition of 1 ,uM ACTH or aMSH increased thymidine incorporation to six to eight times the base line. The experiment was repeated with variations of preincubation and incubation intervals between 1 and 4 h, and the maximal effect was found when these intervals were 1-2 and 2-3 h, respectively. Variations in thymidine concentration between 0.025 and 1 ,uM did not influence the magnitude of the effect of ACTH or aMSH; higher levels of thymidine reduced the effect. In the rest ofthis study, accordingly, Claycomb's (18) original assay conditions were used.
To verify that the increase in radioactivity in the TCA supernate of glands exposed to ACTH or aMSH represented accelerated incorporation into DNA, the following experiments were done with mid fetal rabbit glands according to Morley and Kingdon (20) . The radioactivity of the TCA supernate as well as of the TCA insoluble fractions was measured; ACTH and aMSH had no effect on the former while increasing the latter by a factor of 5 to 8. When 25 mM hydroxyurea was included in the incubation medium, incorporation of label into the TCA insoluble fraction was totally inhibited both in the absence and presence of ACTH and aMSH.
In the early fetal adrenal gland, aMSH and ACTH stimulated thymidine incorporation with MED of 1 and 10 nM, respectively. RMax expressed as increment in disintegrations per minute thymidine incorporated per 100 mg adrenal/2 h was 165 x 104 and 124 x 104, respectively. As gestation proceeded, both peptides became less potent as reflected by rising MED and falling RMax; the newborn gland was unresponsive to ACTH.
Trypsinized ACTH and aMSH (1 ,uM) were inactive on the mid fetal gland, as were j3MSH, oxytocin, arginine vasopressin, LH, FSH, and GH.
On lung, liver, kidney, and brain from the early fetus, ACTH and aMSH at 1 ,M had no effect on DNA synthesis under the conditions employed. Inicorporation ofleucine into protein (Table IV) 
5.2±1.5
Values represent average-SE; n = 4 except for column "none," where n = 12. At 0.1 nM, neither peptide caused a significant (P < 0.05) effect. /3MSH was inactive at 1 AM. instance. Accordingly, the conditions originally described by Farese (5) were used in the rest of this investigation.
In the adrenal gland of the early rabbit fetus, the MED values for the ACTH and aMSH effects were 10 and 10 nM, respectively; maximal responses, expresse(l as increment in disintegrations per minute per 100 mg adrenal per 2 h, were 7.7 x 104 and 11.8 X 104, respectively. The potency of the peptides decline(d as gestation proceeded; they were not detectably active in the late fetus and newborn. 3MSH was inactive (1 ,gM) at all stages of fetal life. Trypsinized ACTH and aMSH were inactive at 1 ,M on the mid fetal gland, as were oxytocin, arginine vasopressin, LH, FSH, and GH.
ACTH and aMSH at 1 ,M did not influence leucine incorporation into protein by slices of mid fetal liver, kidney, or brain.
G(uiiea Pig and Rat Adrenal Glands (Tables 11,   III, anid IV) Preliminary experiments, similar to those carried out with rabbit fetal adrenals, established the applicability to guinea pig and rat fetal glands of the Saffran-Bayliss (15) , Claycomb (18) , and Farese (5) The present experiments show that the early fetal gland differs from the late fetal, newborn, and adult glands in two respects: (a) specificity of hormonial responsiveness; (b) nature of the hormonial responses.
(a) In the adult gland, aMSH and ,3MSH possess only 0.0001% of the in vitro glucocorticoid steroidogeniic potency of ACTH1_24 (1) . Present data indicate a similar ratio in the newborn gland. In the imid fetal gland, however, aMSH and ,MSH are 10-100% as potent. In this respect the fetal adrenal resembles the frog melanocyte and the rabbit fat cell, which are highly responsive to aMSH and 8MSH, as well as to ACTH1_24, in terms of melanosome dispersion anid lipolysis, respectively (21) . (b) In vitro glucocorticoid response of the late fetal and newborn gland is nlot accompanied by accelerated synthesis of DNA and protein. In contrast, when steroidogenesis is stimulated in the isolated early or mid fetal gland by ACTH or aMSH, all three reactions occur together. A possible explanation for this difference in the patterin of in vitro response is the capacity of glucocorticoids to inhibit DNA and protein synthesis (5) (6) (7) (8) . Thus the magnitude of the steroidogenic response to ACTH increased progressively during fetal life, whereas the DNA and protein responses progressively decreased, then disappeared (Table II) . This inverse relation could reflect an inhibitory influence of the intracellular accumulation of glueocorticoid.
Differences in the specificity of the hormonal responses between early fetal and late fetal or newborn glands could have two types of explanation. (a) The structural requirement of the corticotropic receptor (22) could change during gestation in all adrenal cells. (b) The fetal cortex could contain two or more cell populations with receptors of different specificity, and the relative proportions of these cells could chainge during gestation. In primates, such cellular heterogeneity is morphologically evident in terms of fetal and definitive zones; the former involutes rapidly after birth (23) . Although this anatomic division is not visible in the fetal cortex of rat, rabbit, and guinea pig, hormone-sensitive cell types with different physiological properties could nevertheless be present.
The present data extend earlier reports on the capability of the human fetal adrenal gland to synthesize glucocorticoids (24, 25) and the responsiveness of this process to ACTH (26, 27) . The fetal gland also produces numerous steroids lacking glucocorticoid activity (24, 25 (4) . Until the circulating levels of aMSH and B3MSH in fetal plasma are measured, their possible corticotropic role in embryonic life will be a matter of speculation.
